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Endoglucanases are important enzymes that are involved in the modification
and degradation of cellulose. Filamentous fungi such as Aspergillus terreus are
effective biomass degraders in nature owing to their capacity to produce an
enzymatic arsenal of glycoside hydrolases, including endoglucanase from
glycoside hydrolase family 12 (GH12). The A. terreus GH12 endoglucanase
was cloned and overexpressed in A. nidulans, purified and crystallized. A single
crystal was obtained from a solution consisting of 2M ammonium sulfate,
5%(v/v) 2-propanol. X-ray diffraction data were collected to a resolution of
1.85 A˚ using synchrotron radiation and a preliminary molecular-replacement
solution was obtained in the trigonal space group P3221. The unit-cell
parameters were a = b = 103.24, c = 48.96 A˚.
1. Introduction
Concerns over global climate change, increasing demand for energy
and the reduction in oil supplies have fostered the need for the
development of alternative and renewable energy resources which
can replace fossil fuels. Biomass is an abundant feedstock, which can
be converted into different types of energy sources and chemicals.
It consists of three main components, cellulose, hemicellulose and
lignin, the first two of which are composed of carbohydrates that can
be depolymerized and fermented to ethanol and/or converted to a
number of chemical products (Himmel et al., 2007). The main tech-
nological barrier to biomass utilization is the absence of low-cost
technologies to decrease the recalcitrance of cellulosic biomass. The
most promising strategy to overcome this barrier involves the use of
mixtures of microbial cellulolytic enzymes to break down biomass
(Lynd et al., 2002; Wang et al., 2011).
Cellulases are glycoside hydrolases found in at least 12 enzyme
families (http://www.cazy.org) which can be broadly separated into
endoglucanases (EC 3.2.1.4), which randomly hydrolyze internal
glycoside bonds, exoglucanases (EC 3.2.1.91/176), which split off
cellobiose from cellulose termini, and -glucosidases (EC 3.2.1.21),
which hydrolyze cellobiose and oligomers to produce glucose (Zhang
& Lynd, 2004). The endoglucanases from GH (glycoside hydrolase)
family 12 (GH12) hydrolyze the -1,4-glycosidic bond in cellulose
(Henrissat, 1991) and are widely used in industrial processes and in
animal feed to improve the digestibility of glucans (Picart et al., 2012).
Aspergillus terreus is an important filamentous fungus with signif-
icant commercial relevance in industrial biotechnology. This fungus is
frequently isolated from agricultural wastes and cellulosic materials,
and A. terreus enzymes have been extensively studied and utilized in
various bioprocesses (Han et al., 2010; Chidi et al., 2008). Further-
more, A. terreus has been shown to produce secondary metabolites of
significant industrial interest using biomass as a substrate (Jahromi
et al., 2012). In this work, we report the cloning, heterologous
overexpression, purification and crystallization of an endoglucanase
member of GH family 12 from A. terreus strain NIH2624.
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2. Materials and methods
2.1. Protein expression and purification
The A. terreus GH12 (AtGH12) gene sequence (NCBI entry
XP_001218516) was analyzed using the SignalP 4.1 server (Center
for Biological Sequence Analyses – CBS; Petersen et al., 2011). The
program identified 45 nucleotides that encode a 15-amino-acid leader-
peptide sequence; this sequence was omitted from the final construct
by an appropriate choice of primers. The gene was amplified from the
A. terreus NIH2624 genomic DNA by the polymerase chain reaction
(PCR) method using the oligonucleotide primers AT09894F (50-
TATAGCGGCCGCCAGGAGCTCTGCGAGCAATATGG-30) and
AT09894R (50-TATATCTAGATGCCACACTAGCAGACCACT-30)
containing NotI and XbaI restriction sites (shown in bold), respec-
tively. To generate an expression plasmid, the amplified 660 bp
fragment was inserted into the pEXPYR vector, which expresses the
GH12 gene under the control of the A. niger glucoamylase promoter
and includes the glucoamylase leader-peptide sequence (glaAp). The
vector also contains an auxotrophic marker (pyrG), which can be
recycled, thus allowing multiple sequential transformations of the
strain (Segato, Dama´sio, Gonc¸alves, de Lucas et al., 2012). The
recombinant plasmid was transformed in Escherichia coli One Shot
TOP10 competent cells (Invitrogen) to propagate copies, and was
then extracted and used to transform theA. nidulansA773 host strain
(Segato, Dama´sio, Gonc¸alves, de Lucas et al., 2012).
For heterologous protein expression, saline solution [0.9%(w/v)
NaCl] containing 107–108 spores per millilitre was inoculated in
300 ml of liquid minimal medium supplemented with 2% maltose
(Sigma–Aldrich, USA). The medium was distributed onto dishes
(100 ml in 150 mm Petri dishes) and incubated at 310 K for 2 d
(Segato, Damasio, Gonc¸alves, Murakami et al., 2012). The mycelial
mat was lifted with a spatula and discarded. The medium was
collected by filtration, centrifuged at 10 000g for 10 min prior to
concentration by ultrafiltration (10 000 Da cutoff Amicon concen-
trator) and the buffer was exchanged for 20 mM bis-tris pH 6.0,
100 mM NaCl. The enzyme was then purified by chromatography
using a Q Sepharose column (GE Healthcare Life Science) equili-
brated with 20 mM bis-tris, 150 mM NaCl and eluted with a linear
gradient of 0–1M NaCl in the same buffer. The AtGH12-containing
fractions were concentrated with an Amicon concentrator and the
buffer was exchanged to 20 mM bis-tris pH 6.0 before further puri-
fication at room temperature by size-exclusion chromatography on
a Superdex G-75 column (GE Healthcare Life Science) equilibrated
with the same buffer using an A¨KTApurifier 10 system (GE
Healthcare Life Science).
The protein fractions were collected and monitored for endo-
glucanase activity using 100 ml -glucan (Megazyme) solution at
0.5%(w/v) concentration in phosphate buffer pH 6.5 and 1 mg puri-
fied GH12. The mixture was incubated for 15 min at the optimal
temperature of the enzyme (328 K; results not shown). The reaction
was stopped by adding 100 ml 3,5-dinitrosalicylic acid (DNS) and
boiling for 5 min, and the solution was analyzed in a spectrophoto-
meter at a wavelength of 575 nm for quantification of reducing sugars
(Miller, 1959). The fractions containing endoglucanase activity were
pooled and concentrated again in an Amicon (10 000 Da cutoff).
Enzymatic activity against xyloglucan and konjac mannan was also
determined by the DNS method (Miller, 1959) using the same
procedure.
The purified A. terreus GH12 was concentrated to 9 mg ml1 in
20 mM bis-tris buffer pH 6.0 for crystallization assays. The protein
concentration was determined by measuring the absorption at
280 nm using a NanoDrop spectrophotometer (Thermo Scientific).
The extinction coefficient was deduced from the protein sequence
using the ProtParam software (http://web.expasy.org/protparam/;
Gasteiger et al., 2005).
2.2. Crystallization
The purified AtGH12 (molecular mass 23 979 Da) at a concen-
tration of 9 mg ml1 was submitted to crystallization screening using
the sitting-drop vapour-diffusion technique. Drops of 2 ml final
volume (1:1 ratio of protein and screening solutions) were set up
automatically with a Honeybee 931 crystallization robot (Genomic
Solutions Inc.) using commercial screening reagent kits and main-
tained at a temperature of 291 K. Once initial hits for crystallization
had been determined, the crystals were further optimized and the
best condition was obtained when a 1 ml droplet was mixed with a
reservoir solution consisting of 2.0M ammonium sulfate, 5%(v/v)
2-propanol.
2.3. Data collection and processing
For data collection, a single crystal was transferred to a cryo-
protectant solution consisting of 15%(v/v) ethylene glycol added to
the reservoir solution and was flash-cooled in a liquid-nitrogen
vapour stream at 100 K (Oxford Cryosystems). Diffraction data were
collected on the MX2 beamline at the Brazilian Synchroton Light
Laboratory (LNLS), Campinas, Brazil (Guimara˜es et al., 2009). The
wavelength of the radiation source was set to 1.459 A˚ to increase the
diffraction efficiency (Polikarpov et al., 1997) and to optimize the
synchrotron-radiation flux. A total of 360 images with an oscillation
angle of 0.5, corresponding to a range of 180, were collected using
a MAR Mosaic 225 mm CCD detector (MAR Research). The data
were indexed and scaled using XDS (Kabsch, 2010) and reduced with
SCALA from CCP4 (Evans, 2006; Winn et al., 2011). POINTLESS
(Evans, 2006) and the phenix.xtriage module of PHENIX (Adams
et al., 2010) were used to examine the symmetry of the diffraction
pattern.
crystallization communications
268 Segato et al.  Endo--1,4-glucanase Acta Cryst. (2014). F70, 267–270
Figure 1
Secretion in A. nidulans: pEXPYR plasmid carrying A. terreus GH12 was
transformed into A. nidulans A773 (pyrG). Transformants were grown on medium
containing 5%maltose for 2 d and secreted proteins were analyzed by SDS–PAGE.
Lane M, molecular-mass standards (labelled in kDa); lane 1, A773 carrying empty
vector; lane 2, A773 carrying vector containing the A. terreus GH12 gene; lane 3,
purified A. terreus GH12.
3. Results and discussion
The final protein sample was more than 95% pure as assessed by
SDS–PAGE stained with Coomassie Brilliant Blue (Shapiro et al.,
1967; Fig. 1). We presume that the enzyme is partially glycosylated,
which promotes differences in protein migration as revealed by a
doublet in lane 3 showing the purified protein (Fig. 1). However, the
heterogeneity of the protein did not affect its crystallization. The final
yield of pure protein was approximately 30 mg per litre of culture.
Amino-acid sequence analysis of the GH12 translated gene from
A. terreus using BLASTp (http://blast.ncbi.nlm.nih.gov) showed
significant similarity to the endoglucanases from A. niger (PDB entry
1ks4; Khademi et al., 2002), Trichoderma harzianum (PDB entry
4h7m; Prates et al., 2013) and T. reesei (PDB entry 1h8v; Sandgren et
al., 2001), as visualized in the alignment formatted with TEXshade
(Beitz, 2000; Fig. 2). The purified recombinant GH12 from A. terreus
was active towards -glucan, konjac mannan and xyloglucan, with
particularly high activity towards the latter substrate. These results
support the notion that the enzyme encoded by the GH12 gene from
A. terreus is an endoglucanase with high xyloglucanase activity
(results not shown).
The AtGH12 was submitted to crystallization trials and crystals
were obtained by the sitting-drop method after 2 d using a reservoir
solution consisting of 2M ammonium sulfate, 5%(v/v) 2-propanol. A
single crystal (Fig. 3) was used for X-ray diffraction experiments and
data were collected to 1.85 A˚ resolution under cryogenic conditions
(100 K). Scaling of the diffraction data indicated the space group
was either P3121 or P3221, with unit-cell parameters a = b = 103.24,
c = 48.96 A˚. Taking into consideration the molecular mass of
23 979 Da, the calculated Matthews coefficient was 3.11 A˚3 Da1 for
one enzyme molecule in the asymmetric unit, with a solvent content
of 60.5% (Matthews, 1968). The data-processing statistics are
presented in Table 1. The atomic coordinates of an endo--1,4-
glucanase found in the Protein Data Bank (PDB entry 1ks4; Khademi
et al., 2002), which displays a sequence identity of 58%, were used as a
search model for molecular replacement using the program Phaser
(McCoy et al., 2007). A final translation-function Z-score (TFZ) of
17.0 was a good indication that the correct molecular-replacement
solution had been found, and further refinement steps, which led to a
clear decrease in Rwork and Rfree to 29.90 and 32.40%, respectively,
revealed that the correct space group was P3221. Refinement of
the structure is in progress. In parallel with the structural studies,
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Figure 2
Multiple sequence alignment of endo--1,4-endoglucanases from T. reesei (PDB entry 1h8v; Sandgren et al., 2001), T. harzianum (PDB entry 4h7m; Prates et al., 2013),
A. terreus and A. niger (PDB entry 1ks4; Khademi et al., 2002). The conserved amino-acid residues are highlighted in greyscale and the consensus is shown as a logo
representation. The sequence identities of A. terreus endoglucanase to A. niger, T. reesei and T. harzianum endoglucanases are 58, 56 and 55%, respectively.
comprehensive biochemical and enzymatic analyses including
substrate-specificity and hydrolysis-product pattern evaluation are
being carried out.
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Figure 3
Photomicrograph of A. terreus endoglucanase GH12. The minimum scale division
corresponds to 1.0 mm.
Table 1
Data-collection statistics.
Values in parentheses are for the outermost resolution shell.
Source MX2, LNLS
Wavelength (A˚) 1.459
Resolution (A˚) 25.81–1.85 (1.89–1.85)
No. of reflections 252490 (15098)
No. of unique reflections 25703 (1551)
Multiplicity 9.8 (9.7)
Rmerge† (%) 10.2 (96.7)
Completeness (%) 99.3 (97.8)
Mean I/(I) 11.9 (2.2)
Mosaicity () 0.66
† Rmerge =
P
hkl
P
i jIiðhklÞ  hIðhklÞij=
P
hkl
P
i IiðhklÞÞ, where Ii(hkl) is the intensity of
the ith replicate of reflection hkl and hI(hkl)i is the mean value, and the summations are
over all i replicates and then over all hkl.
